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ABSTRACT

The term ‘sepsis’ can be referred to as the dysfunction of organ(s) because of
dysregulated and uncontrolled response of the host to that particular infection. As
per statistics, more than 15 million sepsis cases have been recorded every year with
around a 20% mortality rate. So, it is needless to mention the major threat this
cytokine storm-induced syndrome is posing to public health throughout the world
as both infectious and noninfectious diseases are involved with cytokine storm. A lot
of evidence can be found on the major pathophysiological impact of cytokines
during an infection, but no specific or effective treatment is available to target any
inflammation effectively in sepsis. Numerous research has pointed out that it is
possible to reduce the rate of mortality in severe sepsis by administering a low
dosage of corticosteroids but unfortunately, no clinical benefits have been recorded
during a large-scale clinical trial. But it is proven in a meta-analysis that anti-TNF
treatment had been able to demonstrate a major reduction in the mortality rate of
sepsis. The review would highlight some of the therapeutic interventions currently
available to treat sepsis to get an overview. We would also focus on the association
of cytokine storm in inducing sepsis.

INTRODUCTION

A wide range of pathogens originating from different sources might be the reason for
sepsis causing the diagnosis and prognosis very complicated because of several
symptoms [1]. Sepsis usually results from a bloodstream infection caused by bacteria
and is considered to be a major clinical concern as it might cause a life-threatening
situation or even organ dysfunction due to dysregulated immune response [2]. Such
abnormally regulated immune response is apparent by the primary hyper-
inflammatory response mainly driven by chemokines and cytokines [3]. Sepsis has been
identified as one of the most serious clinical burdens with the estimated cost of
hospitalizations at $38 billion as of 2017 which had been around $20 billion as of 2011
[4]. Among the pathogens that cause sepsis, the most prevalent ones include Klebsiella
pneumoniae, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus epidermidis,
and Staphylococcus aureus [5]. Lower respiratory tract infections could lead to sepsis,
and they are one of the most frequent nosocomial infections in ICU [1]. In terms of the
usage of mechanical ventilation, the risk factors of developing lower respiratory tract
infection increases which could also lead to sepsis, and based on statistics, ventilator-
associated pneumonia can vary up to 66% of the patients requiring ventilation [6]. From
the beginning of 1970, the pathogenesis of sepsis has been considered as the
involvement of imprudent immune inflammation thus suggesting the importance of

www.bsmiab.org/jabet

Amin et al., ] Adv Biotechnol Exp Ther. 2022 Sep; 5(3): 523-536

523


http://www.bsmiab.org/jabet
https://orcid.org/0000-0001-5265-8769
https://orcid.org/0000-0002-1034-2173
https://orcid.org/0000-0002-2687-190X
mailto:fahd.zahed@northsouth.edu
https://doi.org/10.5455/jabet.2022.d133
http://www.bsmiab.org/

the downregulation of immunity [7]. Cytokines are one of the most dominant
pleiotropic regulators of immunity and they play a major role in the complicated
pathophysiology of sepsis having both the pro-inflammatory and anti-inflammatory
properties that are proficient to coordinate defense mechanisms for invading pathogens
[8]. At the same time, they might dysregulate the immune response while promoting
inflammation resulting in tissue damage [8]. A wide range of inflammatory responses is
regulated by cytokines that include the migration of certain immune cells to the
location of the infection which is highly required for the prevention of systemic
infection. But if the release of cytokines is poorly regulated, endothelial dysfunction
could occur which would be characterized by increased capillary permeability as well
as vasodilation; eventually causing hemoconcentration, hypertension, edema, and
macromolecular extravasation [9].

The relation between sepsis and cytokine storm has been considered to be essential in
the discovery of effective therapeutic interventions. Focusing on this aspect would
allow researchers to unveil a different outlook on cytokines and their elevated levels in
sepsis patients [12]. Since growth factors play a major role in the sepsis pathogenesis
and the colony stimulating factors induce cell proliferation, the escalating cells are
responsible for the increased levels of cytokines [31]. The involvement of other
inflammatory cytokines such as IL-6, IL-7, IL-12 and IL-1f3 is also evident in sepsis [12].
With rigorous research on the interconnectedness between cytokine storm and sepsis, it
could be possible to pave the path toward the implementation of novel potential
treatments in reducing the mortality rate of sepsis.

The lack of clinically predictive and relevant animal models happens to be one of the
major obstacles to the development of effective therapeutics in treating sepsis;
nevertheless, more than hundreds of animal models have been used by researchers
over the past few years [80]. But some therapeutics agents have shown positive results
in sepsis treatment whereas the traditional interventions revealed some crucial adverse
impacts; for instance, high dose corticosteroids worsen the disease outcome in sepsis
patients by making them vulnerable to several secondary infections [60]. That is why it
is very important to assess the therapeutic interventions and weigh their negative
impacts against the positive ones before their initial implementation in sepsis.

The initial treatment for sepsis is administering a wide range of antibiotics though a
very specific therapeutic intervention would be required especially in terms of negative
blood culture where the causative agent of the infection remains unknown while
avoiding increased microbial resistance to antibiotics available now [10]. IG therapy,
anti-TNF mAb, and the usage of CSFs could be effective though a wide range of
controversies remains regarding their effectiveness in reducing sepsis mortality [1].
Apart from that, the usage of moderate-dose steroids, limiting the overall tidal volume
in lung complications, early goal-directed therapy, and intensive insulin therapy could
have some positive impact in reducing sepsis-related death rates as well [11].

RELATION BETWEEN CYTOKINE STORM AND SEPSIS

The term ‘cytokine storm” sometimes can also be denoted as ‘cytokine cascade” which
happens to be one of the main reasons for the diverse, remote, and local signs that are
associated with an infection. At long last, if the threshold is crossed somehow, sepsis
could be observed which has a major impact on both mortality and morbidity [12]. The
very first association of cytokine storm had been observed in Graft Versus Host Disease
(GVHD) back in 1993 [13]. After that, a major interconnectedness has been observed
between cytokine storm and influenza [14]. Later studies have revealed its association
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with a wide range of fungal, bacterial as well as viral infections [15]. Cytokines can be
termed as small proteins weighing less than 80 kDa [16] and they can be categorized
into various groups including interleukins, interferons, chemokines, growth factors,
and tumor necrosis factors [12]. One of the main actions of interleukins is in the growth
and differentiation of leukocytes, interferons regulate the innate immunity while
activating different antiviral properties, chemokines control the whole process of
chemotaxis and the recruitment of leukocytes, and tumor necrosis factors activate the
cytotoxic T lymphocytes [15].

The term ‘interleukin’, sometimes denoted as IL had been selected in describing a
particular group of proteins that are produced by either the tissue macrophages or
monocytes for mediating communication between associated leukocytes [17]. IL-1 was
the very first interleukin to be brought to light, which had been identified as one of the
most essential factors enhancing the T-cell responses to antigens or mitogens [18].
Interleukins are one of the most essential ones released in the infectious processes. The
artificial categorization of interleukins can be divided into pro-inflammatory
interleukins and anti-inflammatory interleukins. During sepsis, the involvement of
several inflammatory cytokines including IL-1(3, IL-12, IL-6, and IL-7 can be seen [12].
Apart from that, the levels of IL-1p had been noticed to be higher in the patients who
have died in comparison with the survivors [19].

IL-6 is considered pleiotropic and their role in cytokine storm has always been very
complex. Several inflammatory diseases including autoimmune diseases,
cardiovascular diseases, and cancer were observed to have high IL-6 levels. Moreover,
IL-6 had also been shown high association with the severity of sepsis, and with a higher
number of IL-6 demonstrated much worse outcomes among the sepsis patients [20].
The interconnectedness between sepsis and IL-6 could be associated with the activation
of complement pathways [21].

During sepsis, IL-12 is also increased [12]. They are produced by macrophages and
dendritic cells. And because of this reason, they induce huge loads of INFy [22]. IFN-y
is an effector cytokine that contributes substantially to immunity [23]. They are secreted
by activated lymphocytes such as CD8 cytotoxic T cells and CD4 Thl [24]. It is worth
mentioning that IFN-y associated signaling could have suppressive immune regulatory
impacts on antitumor [25], autoimmune [26], and antiviral [27] responses. INFy has
demonstrated its ability to promote inflammatory responses but its production is
reduced in sepsis [28]. It could happen because of the hyporesponsiveness of
lymphocytes mostly in an immunosuppressed state [29]. IL-3 is identified as one of the
key regulators of cytokine storm during sepsis [30]. IRA B cells produce the IL-3, and
they fuel the inflammatory cascade with the promotion of emergency myelopoiesis [12].

Growth factors are also highly associated with the pathogenesis of sepsis. Among a
wide range of growth factors secreted in sepsis, the most associated ones in inducing
cytokine storm include hematopoietic targeted granulocyte-macrophage colony-
stimulating factors, granulocyte colony-stimulating factors, as well as macrophage
colony-stimulating factors. However, in addition to IL-3, colony-stimulating factors
would induce myeloid cell proliferation and differentiation [12]. Because of this reason,
a huge load of activated cells would contribute to the synthesis of elevated cytokines;
thus, promoting cytokine storm [31]. Figure 1 would depict the cytokine cascade in
sepsis.
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Figure 1. Cytokine cascade in sepsis.

INFECTIONS ASSOCIATED WITH CYTOKINE STORM

Cytokine storms are involved with a wide range of infectious and noninfectious
diseases, and it does not bring fortunate consequences in therapeutic interventions [32].
Cytokine storm was previously known as an influenza type syndrome occurring after
the systemic infection including sepsis and after immunotherapy including Coley’s
toxins [33]. Infections associated with Yersinia pestis had been one of the reasons for
major pandemics such as the Black Death while triggering the alveolar macrophage in
producing huge loads of cytokines leading to cytokine storm [34]. A wide range of
disorders is resulting in from cytokine storm like primary and secondary
hemophagocytic  lymphohistiocytosis,  sepsis, ~COVID-19, and  associated
autoinflammatory disorders [35].

Most of the patients with cytokine storm seem to be feverish and might also have a
fever in terms of severe cases [36]. Moreover, patients could have fatigue, headache,
anorexia, rash, myalgia, diarrhea as well as arthralgia. All these symptoms could be
present because of the tissue damage by the cytokine storm. However, the acute phase
physiological alternations and immune cell-mediated responses could also be
responsible for this aspect. Some of the patients could also have respiratory disorders
such as tachypnea and cough that could lead to acute respiratory distress syndrome
(ARDS) requiring mechanical ventilation [35]. Moreover, the combination of
coagulopathy, hyper-inflammation, and low counts of platelet the patients with
cytokine storms could increase the risk of spontaneous hemorrhage. In severe cases,
acute liver injury, renal failure, and stress-related cardiomyopathy could develop as
well [37]. The combination of endothelial cell death, renal dysfunction, and acute phage
hypoalbuminemia could lead to anasarca and capillary leak syndrome [38].

The term cytokine storm was first used in infectious diseases back in 2000 when
research began on cytomegalovirus [39], severe acute respiratory syndrome (SARS-CoV)
[40], a group of Streptococcus [41] as well as variola virus [42]. Moreover, rigorous
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studies had been carried out on cytokine storm because of the public interest in bird flu
[15]. Even though the term had not been stated explicitly, studies have addressed
potential molecular and cellular mechanisms that are contributing to cytokine storm in
several viral diseases [43]; and the focus was given to influenza specifically [44].

Cytokine storm and COVID-19

The macrophages [81] and dendritic cells are primarily responsible for triggering the
initial response in SARS-CoV-2, which also include the release of cytokine [82].
Additionally, the inflammatory response contributes to the destruction of lymphocytes
in order to stop the infection of SARS-CoV-2. The activation of NOD, LRR-, and pyrin
domain-containing protein 3; also abbreviated as NLRP-3 inflammasome alongside the
dull response of histone deacetylase 2 on the Nuclear Factor Kappa Betta (NF-«kB)
complex is pointing out the association with cytokine storm [82]. The
pathophysiological mechanisms concerning SARS-CoV-2 induced cytokine storm are
illustrated in Figure 2.
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Figure 2. Mechanisms concerning SARS-CoV-2 induced cytokine storm.

SEPSIS: THERAPEUTIC INTERVENTIONS

The most effective strategy for addressing cytokine storm is associated with the
supportive care in maintaining the functions of critical organs, controlling the
underlying health complications while eliminating the possible triggers that could
activate an abnormal immune system all for limiting the collateral damages caused by
the activated immune system [35]. Substantial progress has been identified in the
progress of therapeutic interventions in reducing the mortality rate in sepsis. Some of
the most effective ones include limiting the tidal volume in Acute Respiratory Distress
Syndrome (ARDS) or Acute Lung Injury (ALI), early goal-directed therapy, stem cell
therapy, Ig therapy, and usage of moderate dosage of steroids [11].
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ALI can be seen in more than 25% of patients with sepsis [45]. A tidal volume of 6
ml/kg of the body weight (ideal) happens to be at the lower end range of physiologic
ventilation; even though it has been tested on ALI and ARDS patients only [11]. Since
patients with severe sepsis develop ALI and ARDS, low tidal volume therapy could
prevent the further progression of these conditions. Early Goal-Directed Therapy
(EGDT) is also effective against sepsis. The main purpose of this therapy is to adjust the
cardiac preload, afterload as well as contractility in balancing the systemic oxygen
delivery. Patients with severe sepsis have shown a positive response in maintaining
proper cellular perfusion while preventing organ dysfunction [11].

Mesenchymal Stem Cells (MSCs) have several anti-immune regulatory and anti-
inflammatory roles as it has the potential for the inhibition of the secretion of cytokines
(pro-inflammatory) including IL-1, IL-12, IL-6, IFN-y, and TNF-q; thus, suppressing the
cytokine storm activation [46]. Moreover, mesenchymal stem cells can secrete IL-10,
hepatocyte, and keratinocyte which would assist collectively to inhibit the formation of
fibrosis while repairing the damaged tissues of the lung [47]. Ig therapy is proven to
facilitate the systemic neutralization and opsonization of bacteria, nonetheless, the
success rate in clinical trials is only modest [1]. But because of very minimal certainty in
reducing sepsis mortality [48], the Surviving Sepsis Guideline panel stopped
recommending in 2016 [49].

The impact of steroids in treating patients with sepsis has been highly debated for a
long time. Several randomized, well-designed and controlled trials have failed to show
positive impacts of steroids in improving the survival of the patients with sepsis [50].
But some strong evidence highlights the usage of steroids in patients diagnosed with
refractory septic shock. Moderate dosages of steroids might restore the sensitivity of
cells to vasopressors [51]. It could potentially reduce the intensity of inflammatory
responses while decreasing the possibility of organ dysfunction. That is why low-dose
steroid therapy could be well tolerated [52]. A lower dose has the potential to induce a
greater response as per a meta-analysis [53].

In patients with ARDS, the exogenous corticosteroid administration entirely blocked
the NFkb in the lungs [54]. Corticosteroids have also been proven to be effective in
suppressing the renal iNOS activities right after endotoxemia for preventing hypoxic
injury; thus, improving the renal oxygen delivery and restoring oxygen consumption
[55]. Moreover, corticosteroids also improved the glomerular endothelium permeability
among patients with septic shock [56]. The positive effects of corticosteroids on organ
perfusions have also been proven for the brain [57] and heart [58]. Even though several
positive aspects can be observed in the administration of corticosteroids in sepsis
patients, the rationale for its usage is dependent on the concepts of critical health
deterioration concerning the insufficiency of corticosteroids [59]. It is worth mentioning
that high dose corticosteroids (30 mg of methylprednisolone/kg of body weight) do not
have any positive impact on sepsis patients, and it does not improve the survival rate
either; instead, worsen the situation by making the patient more susceptible to
secondary infections [60].

Apart from that, different colony-stimulating factors like Granulocyte-Macrophage
Colony Stimulating Factor (GM-CSF) and Granulocyte-Colony Stimulating Factor (G-
CSF) have been examined as therapeutics in increasing the macrophage and neutrophil
number for improving the bacterial clearance process in sepsis [1]. But again, only
modest improvement had been seen in the patient recovery [61], mostly among the
patients who had sepsis-related immunosuppression [62].
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Researchers have identified the positive impact of intensive insulin therapy for
hyperglycemia in sepsis patients. It is demonstrated that if the glucose level of blood is
maintained at 4.4 to 6.1 mmol/liter (80-110 mg/deciliter), it is possible to reduce
mortality and morbidity among the patients who have been critically ill and received
conventional therapy [63]. The frequency of episodes of sepsis was reduced to 46
percent by intensive insulin therapy and the patients with bacteremia treated with this
intensive insulin therapy had low mortality compared to the patients who received
conventional therapy [64]. Moreover, the death rate caused by a multiple-organ failure
in sepsis was also reduced in insulin therapy regardless of the diabetes history of the
patients. The mechanism associated with the antiapoptotic impact of insulin also plays
a major role [65]. Insulin is effective in preventing apoptotic cell death from several
stimuli as it activates the phosphatidylinositol 3-kinase-Akt pathway [66].

Anti-TNF treatment

Tumor necrosis factor (TNF) is a protein weighing 17 kDa and made up of more than
150 amino acids; being produced by activated T lymphocytes, natural killer (NK) cells,
and macrophages [67]. Research has shown that TNF might be the reason for the
symptoms associated with both endotoxemia and malaria [68]. Cytotoxic factors are
released during infection, and it is seen that TNF had been capable of inducing tissue
injury and shock [69]; while the anti-TNF antibodies could prevent the lethality and
complexities caused by bacteremia [70]. Because of this reason, anti-TNF treatment
could be one of the most effective therapeutic interventions in reducing the sepsis
mortality rate [71]. Some of the chosen inhibitors of tumor necrosis factors have been
proven effective in limiting inflammation and joint injury to manage rheumatoid
arthritis [72]. During their therapeutic development, similar anti-TNF agents had been
tested in sepsis [73]. The preclinical studies on sepsis had shown that the level of TNF
was elevated while some of the inhibition of TNF prevented deaths [74].

But ongoing investigations have pointed out that, selective anti-TNF agents produced
remarkable survival benefits among sepsis patients. These agents are still undergoing
vast investigation. Apart from that, results have shown that if patients with severe
sepsis are given immunotherapy with associated anti-TNF agents, it is possible to
reduce the overall patient mortality. In patients with shock or high IL-6, anti-TNF
therapy has been proven to reduce the death rate though it was not statistically
significant. [75]. However, one of the major setbacks of the assessment of anti-TNF
factor as an effective therapeutic intervention is associated with large scale trials which
could be logistically complicated [71].

Over the past decades, hundreds of diverse animal models have been used by the
researchers for sepsis and the studies have been used as a major developmental
pathway for new sepsis therapeutic agents [80]. Mice can be seen as one of the most
common animals used in sepsis models as the inbred strains are available and they
pose little to no threat to anyone working in the laboratory. However, the usage of
genetically modified strains creates a great opportunity in exploring the significance of
specific gene products in sepsis pathogenesis [80]. The below table would highlight
some of the pharmacological agents that have been evaluated in the sepsis animal
model with the potential results.
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Table 1. Sepsis animal model.

Pharmacological agents ~ Animals Challenges Results Ref.
used

BN 5021 Mouse Intravenous LPS Positive [83]
TAK-242 Mouse Intraperitoneal LPS Positive [84]
Tifacogin Baboon Viable intravenous E. coli Positive [85]
BB-882 Mouse Intravenous LPS Positive [86]
Tifacogin Mouse Cecal ligation and puncture (CLP) Positive [87]
IL1-RA Mouse Intraperitoneal LPS Positive [88]
Methylprednisolone Baboon Viable intravenous E. coli Positive [89]
sodium succinate

Lenercept Baboon Viable intravenous E. coli Positive [90]
Tifacogin Rabbit Peritonitis caused by E. coli 018: K+ Positive [91]
CDP571 Baboon Viable intravenous E. coli Positive [92]

POTENTIAL MANAGEMENT STRATEGY AGAINST CYTOKINE STORM

Sepsis patients are sometimes treated in intensive care facilities since they need intense
therapeutic support and close monitoring [93]. Among some of the early treatments in
addressing the issue, blood purification techniques have been implemented [94]. Some
of the most common ones include haemoperfusion, haemofiltration, continuous or
intermittent high-volume haemofiltration as well as plasmapheresis. The main purpose
of such approaches is to ensure ‘immune homeostasis’ that reduces the damage caused
by the host’s dysregulated response to a particular infection [95]. It could be heralded
by a significant rise of cytokines, contributing to the severe systemic impact of sepsis
mostly in septic shock [96].

The usage of CytoSorb ®in cytokine haemoadsorption in sepsis and septic shock had
been discussed by a panel of clinicians. It is a sorbent technology for reducing cytokine
levels. The CytoSorb ®device is made up of a single use haemoadsorption cartridge that
is possible to use with standard blood pumps like a haemoperfusion device [97]. The
CytoSorb cartridge is a CE-marked device that is capable of lowering elevated
cytokines in severe sepsis [95]. The cartridge is usually filled with sorbent beads which
are made from porous polymers that ensure capturing and adsorbing cytokines when
the blood is passed through the device. The whole process is dependent on
concentration and because of this reason, if the blood contains higher levels of
cytokines, the level would be reduced faster [95]. The removal of cytokines had been
confirmed in a feasibility study and the rate of cytokine extraction had been 30% [98].
One of the major findings of the study was that the plasma concentration of both TNF-a
and IL-6 had been reduced after the first hour of the therapy, but the concentration of
IL-10 was not reduced. Moreover, the most significant removal was noticed in IL-6;
whereas the least had been the tumor necrosis factors [98].

In septic shock, the usage of haemoadsorption with CytoSorb has been supported by
several experimental evidence; nevertheless, the evidence is not significant from human
studies. More than 100 cases have been identified where the CytoSorb was used in
clinical scenarios and the treatment had been well-tolerated though the clinical studies
have not been conducted on large scale [99]. Patients with high severity of illness would
be more likely to benefit from the intervention [100]. A refractory shock that has been
indicated by high doses of vasopressor support alongside early organ failure with
cytokine storm must be preferred as well [101].
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FUTURE PROSPECTS

The current therapeutics and clinical trials in reducing cytokine storm have not been
effective and failed to decrease the inflammatory responses even with the advancement
in transcriptomic, genomics, metabolomics, and proteomic progress of sepsis [12]. The
proposed study would be helpful for researchers to get further insight into the
association of sepsis and cytokine storm while proposing effective therapeutics. Since a
complete overview of the orchestration of cytokine storm is required for highly
effective therapeutics, the study could be of help by taking into consideration this
aspect.

It is very important to understand the cytokine profile in sepsis patients as it could be
effective in assessing the severity of the disease and predicting mortality, resulting in
much better patient management. Targeting cytokines during sepsis is still considered
one of the major therapeutic challenges despite the huge amount of explanation on the
pathophysiology of cytokines in an infection. This study would focus more on the
unexplored aspects of cytokine targeting in sepsis. Corticosteroids have been used as a
therapeutic intervention that decreases inflammation while inhibiting the activation of
both the AP-1 and NF-kB pathways [76]. Several studies have identified that a low
dosage of corticosteroids has the potential to reduce mortality in both severe septic
shock and sepsis [77]. But unfortunately, large-scale clinical trials did not show any
clinical benefits in the systematic usage of corticosteroids in sepsis [78]. Some targeted
therapies have also been considered and tested. Even though the capture of compounds
including IL-1, LS, and TNF-a has shown positive preclinical results in mice models but
failed to reduce the sepsis mortality [79]. The study would also focus on assessing
different therapeutic interventions that have already been tested and compare their
positive and negative impact on reducing sepsis mortality in cytokine storm.

A wide range of therapeutic interventions are clinically available for treating patients
with sepsis, but it is important to assess the adverse impact they could deteriorate the
patient’s health conditions. The review accumulates some prosperous and promising
interventions in reducing the mortality of sepsis and some of them are focused on
sorbent technology that helps lower the cytokine levels [97]. Moreover, the study is also
highlighting the association between cytokine storm and sepsis while depicting some of
the mechanisms of infections associated with cytokine storm. Future researchers
interested who are interested in discovering effective therapeutic interventions could be
guided by this research since an overview of sepsis pathogenesis in association with
cytokine storm would be provided to them alongside the existing therapeutic
interventions and cytokine storm management strategy. The progress of this review can
be evaluated by the organization of information on sepsis pathogenesis, the
involvement of elevated cytokines and the management strategies in reducing the
death rate. With more research on sepsis, it would be possible to develop promising
immunomodulating treatment strategies while unveiling unexplored and undiscovered
pathophysiological features of sepsis [8].

CONCLUSIONS

Sepsis is still one of the major concerns for both researchers and clinicians. Even though
rigorous studies have carried on throughout the years, but no substantial therapeutic
development has been observed in large clinical trials. One of the main reasons is
associated with the lack of adequate understanding of the pathophysiology and
interconnectedness with cytokine storm since it is characterized as a dynamic and
complex disease process. Moreover, heterogeneous patients are affected by sepsis with
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diverse comorbidities and etiologies; making the effective discovery of potential
therapeutics more challenging and aggravating. Researchers have been unveiling all
associated pathophysiologic processes in sepsis and the essential regulatory roles
played by cytokines in the progression of the disease. As of now, intensive insulin
therapy, anti-TNF treatment and low dosage of steroid administration are giving a ray
of hope, nonetheless having setbacks in large-scale clinical trials. We hope that the
ongoing research in this aspect would help expand our knowledge of the mechanism of
the disease while developing novel strategies to fight sepsis which would bring only
positive results in the clinical trials.
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